The effect ofrare earth (Dy and Sm) and transition metal (Mn) luminescent impurities on the optical properties of As253 glass is studied in a wide spectral region. The Raman, infrared, band-to-band and edge absorption spectroscopies are employed to obtain information about the incorporation of impurity ions in the host glass structure and the corresponding changes in intrinsic optical characteristics. The effects of light-soaking and thermal treatment on the doped As2S3 glasses were examined as well. In the fundamental absorption region a reflectivity maximum at 2.98 eV shows blue (Dy, Sm) or red (Mn) shift depending on the electronegativity of the impurity, in accordance with the corresponding variations of the glass structure. Near the edge absorption the impurity affects strongly the slope and the magnitude of the weak absorption tail. The observed effects of metal dopants on the As2S3 glass are discussed in connection with the expected behaviour of the impurities in the glass.
INTRODUCTION
Glassy As2S3 is a promising candidate for optoelectronics applications because of its high transmission in the infrared (up to 10 jim), high refractive index (n2.4) and low phonon energy"2. Special interest for applications is connected with glassy As253 doped with optically active rare-earth and transition metal ions3 '4 Fig. 1 . The spectra of As2S3:Me glasses are normalised to the As2S3 spectrum at the photon energy of 2.6 eV, which is near the fundamental absorption edge. In the photon energy interval between 2.5 and 6.2 eV a broad double reflectivity peak is observed in accordance with results of earlier studies2'68, and can be attributed to electronic transitions from the valence band to the conduction band minimum. According to band structure calculations in a tightbinding approximation9"°, the states near the valence band edge of As2S3 result predominantly from the p-orbital electron lone-pair of the chalcogen atom (low-energy side of the reflectivity peak in Fig.la) , and the high-energy side of the peak is due to p-and -orbital states of chalcogen. In addition to chalcogen orbitals, both parts contain contributions of the p-and s-orbitals of arsenic. In this approximation the shape of the spectra is governed by the SRO structure of glass. at.%Sm(4), As2S3+O .l at.%Mn (5) and As2S3+O.5 at.%Mn (6) . Dy(l), Sm (2) and Mn (3).
FUNDAMENTAL EDGE ABSORPTION
In chalcogenide glasses the absorption edge is broader than in crystalline analogues and this is caused by a broad energy distribution of electronic states in the band gap due to disorder and defects. The absorption edge in the high absorption region (cx>104 cm') is described by a quadratic function a(hv_Eg, (1) and when plotted in the Tauc co-ordinates (cx.hv)"2 vs. (hv) gives the value of the optical gap'2, Eg, determined as the energy difference between the onsets of exponential tails of the allowed conduction bands'3. For amorphous As253 Absorption coefficient spectra, a, of bulk glasses were calculated from transmittance, T, and reflectance, R, measurements according to:
where d is the thickness of the sample, and are shown in Fig.2a . In the Urbach edge region (w1÷1O3 cm1) the absorption coefficient spectra depend exponentially on the photon energy In the region ofweak absorption (cx<l cni') the doping with Sm and Dy results in an increase ofthe absorption coefficient (Fig. 2a) aocexp(i! '_), (4) where A2>L112 (5) and As253+O.5 at.%Mn (6) . numbering corresponds to glass compositions given in the caption of Fig. 2a 
where MlO'7 cm2. The density of states N(E) calculated from the differentiation ofthe a(hv) spectra are shown in Fig.   2b Figure 4a . Raman spectra of chalcogenide glasses; As253 (1), Figure 4b . Raman spectra of As2S3+0.5 at.%Mn glass before As2S3+0. 1 at.% Dy (2), As2S3+0. I at.% Sm (3), As2S3+0.5 at.% anealing (1) and after annealing at T=150 °C for 3 hours (2) , Sm (4), As2S3+0. 1 at.% Mn (5), and As2S3+0.5 at.% Mn (6) .
at T190 °C for 2 hours (3), and at T=210 °C for ihour (4) . The Raman spectrum of the as-evaporated As253 thin film measured in this work was found to be similar to that reported in a previous study21. This spectrum exhibits strong bands at 345 and 365 cnf', and several sharp features in the region 100 to 250 cm' (Fig. 5a ), which can be assigned to molecular species ofthe As454, As4 and S, type.
Irradiation ofAs2S3 thin films was found to cause a photodarkening effect. It was found that irradiation causes a shift of the absorption edge in the Urbach region to lower energies. This shift is equal to &=6.3 nm when the film is irradiated for 20 mm, and increases to X=16.8 nm when the film is irradiated for 6 hours. 'oqEup '1 .11 
